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(54) Wireless sensor network system, information gathering apparatus, sensor device, and 
connection method for use in wireless sensor network

(57) A wireless sensor network system includes a
plurality of sensor devices each having a non-directional
antenna, and an information gathering apparatus having
an adaptive array antenna and gathering information de-
tected by the plurality of sensor devices. Each sensor
device includes a transmitter to transmit a transmission
request for connecting to the information gathering ap-
paratus. The information gathering apparatus includes,
a first directivity-changing section that, when the infor-

mation gathering apparatus receives a transmission re-
quest from an unconnected sensor device, performs one
of changing the adaptive array antenna to be non-direc-
tional, and changing a directivity of the adaptive array
antenna, and that receives a signal transmitted from one
of the unconnected sensor device and the unconnected
sensor device and a connected sensor device, and a
second directivity-changing section to change the direc-
tivity in accordance with a reception state of the signal.
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Description

FIELD

[0001] The present invention relates to wireless sensor
network systems that wirelessly connect a plurality of
sensor devices having non-directional antennas and in-
formation gathering apparatuses having adaptive array
antennas, information gathering apparatuses, sensor de-
vices, and connection methods in wireless sensor net-
works.

BACKGROUND

[0002] Recently, the development of a wireless sensor
network, in which sensor terminals formed of small wire-
less devices with sensors gather information such as am-
bient temperature, humidity, velocity, and images and
transmit the information through multi-hop networking,
has advanced.
[0003] It is generally assumed that the sensor termi-
nals may be used outdoors, for example, at farms or in
the city, and the power consumed by the sensor terminals
needs to be reduced. Some methods for reducing the
power consumption of the sensor terminals include re-
ducing the power consumed by the devices in the sensor
terminals or providing a sleep mode. However, in order
to further reduce the power consumption, adaptive array
antennas used for, for example, cellular systems may be
introduced.
[0004] An adaptive array antenna in such a cellular
system includes a plurality of antenna elements installed
in a base station, and the beam directivity of the antenna
to a terminal is increased while the directivity to interfer-
ence sources is reduced to "nulls" (portions in which the
sensitivity in the directivity pattern is minimized) by con-
trolling the array weights (amplitudes and phases) of the
antenna elements during signal communication. With
this, signal transmission quality of the system may be
increased.
[0005] Technologies for improving communication
performance and reducing power consumption in wire-
less sensor networks by controlling the directivity of an-
tennas have been developed to date (for example, see
Japanese Unexamined Patent Application Publication
No. 2004-289328).
[0006] According to a known technology, a transmitter
first transmits a Request-to-Send (RTS) signal at a low
transmission rate using a non-directional antenna, and
a receiver receives the RTS signal using a non-direction-
al antenna. Next, the receiver transmits a Clear-to-Send
(CTS) signal to the transmitter at a low transmission rate,
and switches from the non-directional antenna to a di-
rectional antenna. The transmitter that has received the
CTS signal transmits data packets at a high data rate
using the non-directional antenna without changing an-
tennas. The receiver receives the data using the direc-
tional antenna.

[0007] According to the known technology, the receiv-
er increases the directivity of the antenna to the trans-
mitter after the RTS signal and the CTS signal are ex-
changed. With this, data may be transmitted at a high
rate. However, this technology is intended for one-to-one
communication between the receiver and the transmitter,
and the case where a new transmitter starts communi-
cation with the receiver during the one-to-one communi-
cation is not considered. Therefore, the receiver may not
receive RTS signals from other new transmitters and the
like during the one-to-one communication using the di-
rectional antenna, and may not form a network.

SUMMARY

[0008] Accordingly, it is considered desirable to pro-
vide a wireless sensor network system, an information
gathering apparatus, a sensor device, and connection
method for use in wireless sensor network which may
wirelessly connect an unconnected sensor device to an
information gathering apparatus that is wirelessly con-
nected to a sensor device via an adaptive array antenna.
[0009] According to an aspect of the embodiments dis-
cussed herein, a wireless sensor network system in-
cludes a plurality of sensor devices each having a non-
directional antenna, and an information gathering appa-
ratus having an adaptive array antenna and gathering
information detected by the plurality of sensor devices.
The wireless sensor network system wirelessly connects
the plurality of sensor devices to the information gather-
ing apparatus, and each sensor device includes a trans-
mitter to transmit a transmission request for connecting
to the information gathering apparatus. The information
gathering apparatus includes, a first directivity-changing
section that, when the information gathering apparatus
receives a transmission request from an unconnected
sensor device, performs at least one of changing the
adaptive array antenna to be non-directional and chang-
ing a directivity of the adaptive array antenna, and that
receives a signal transmitted from at least one of the un-
connected sensor device and the unconnected sensor
device and a connected sensor device, and a second
directivity-changing section to change the directivity of
the adaptive array antenna in accordance with a recep-
tion state of the signal transmitted from the at least one
of the unconnected sensor device and the unconnected
sensor device and the connected sensor device.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 illustrates a configuration of a wireless sensor
network system according to an embodiment of the
present invention.
Fig. 2 is a block diagram of a coordinator according
to an embodiment of the present invention.
Fig. 3 is a block diagram of a sensor device according
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to a first embodiment of the present invention.
Fig. 4 is a block diagram of a sensor device according
to a second embodiment of the present invention.
Figs. 5A to 5C illustrate formats of RTS packets, CTS
packets, and data packets, respectively.
Fig. 6 is a flow chart illustrating processes performed
by the coordinator when the coordinator receives
packets according to an embodiment of the present
invention.
Fig. 7 is a flow chart illustrating the processes per-
formed by the coordinator when the coordinator re-
ceives packets according to the embodiment of the
present invention.
Fig. 8 is a flow chart illustrating processes performed
by the sensor device when the sensor device re-
ceives RTS packets according to an embodiment of
the present invention.
Fig. 9 is a flow chart illustrating the processes per-
formed by the sensor device when the sensor device
receives RTS packets according to the embodiment
of the present invention.
Fig. 10 illustrates a sequence of communication
among the sensor devices and the coordinator.
Fig. 11 illustrates the sequence of the communica-
tion among the sensor devices and the coordinator.
Fig. 12 illustrates the sequence of the communica-
tion among the sensor devices and the coordinator.
Fig. 13 illustrates the coordinator, whose array an-
tenna is set to be non-directional.
Fig. 14 illustrates the coordinator, whose array an-
tenna is set to have a directivity facing a plurality of
sensor devices.

DESCRIPTION OF EMBODIMENTS

<Configuration of Wireless Sensor Network System>

[0011] Fig. 1 illustrates a configuration of a wireless
sensor network system according to an embodiment of
the present invention. In Fig. 1, a coordinator 10 is an
information gathering apparatus and includes an adap-
tive array antenna whose directivity may be changed.
Sensor devices 11 and 12 each include a non-directional
antenna so as to reduce the power consumption thereof.
[0012] The coordinator 10 and the sensor devices 11
and 12 are wirelessly connected by establishing commu-
nication via exchange of RTS packets and CTS packets
over a wireless LAN. Herein, the sensor device 11 adja-
cent to the coordinator 10 is directly wirelessly connected
to the coordinator 10. The sensor device 12 remote from
the coordinator 10 may be directly wirelessly connected
to the coordinator 10, or may be wirelessly connected to
the coordinator 10 via the sensor device 11. The coordi-
nator 10 is included in a network by being connected to
other coordinators in a wired or wireless manner.

<Configuration of Coordinator>

[0013] Fig. 2 is a block diagram of the coordinator 10
according to an embodiment. In Fig. 2, antenna elements
211 to 21n included in an array antenna 21 are connected
to a transmitter/receiver 23 via a weight controller 22.
Signals received by the array antenna 21 are weighted
in the weight controller 22 for each antenna element, sub-
jected to additive synthesis, and supplied to the trans-
mitter/receiver 23. Signals transmitted from the transmit-
ter/receiver 23 are weighted in the weight controller 22
for each antenna element, and output from the antenna
elements 211 to 21n.
[0014] A weight calculator 24 generates weights being
applied to the signals received by the antenna elements
211 to 21n using an existing algorithm such as the Mini-
mum Mean Square Error (MMSE) or the Constant Mod-
ulus Algorithm (CMA) based on the signals received by
the antenna elements 211 to 21n, and supplies the
weights to the weight controller 22. This improves the
Signal to Interference power Ratio (SIR) characteristic
of the received signals. Moreover, the weight calculator
24 generates weights being applied to the signals being
transmitted from the antenna elements 211 to 21n when
the signals are output, and supplies the weights to the
weight controller 22.
[0015] The transmitter/receiver 23 demodulates the
received signals supplied from the weight controller 22,
and supplies the resultant received packets to a packet
processor 25. In addition, the transmitter/receiver 23
modulates packets being transmitted such as data pack-
ets, RTS packets, and CTS packets supplied from a pack-
et generator 26, and supplies the resultant signals to the
weight controller 22.
[0016] The packet processor 25 determines whether
the received packets supplied from the transmitter/re-
ceiver 23 are RTS packets, CTS packets, or data pack-
ets, and processes the packets accordingly. When the
received packets are data packets, for example, the
packet processor supplies the packets to a succeeding
circuit so as to transmit the packets to other coordinators.
When the received packets are RTS packets, the packet
processor issues instructions to the packet generator 26
to respond to the RTS. Moreover, when the RTS packets
include information of other sensor devices (for example,
12) in addition to that of the source sensor device (for
example, 11), the information of the other sensor devices
is retained in a memory 27, and the packet processor
notifies the weight calculator 24 accordingly. Further-
more, when the received packets are CTS packets, proc-
esses for receiving CTS packets are performed.

<Configuration of Sensor Device According to First Em-
bodiment>

[0017] Fig. 3 is a block diagram of the sensor device
11 according to a first embodiment of the present inven-
tion. The sensor device 12 has the same configuration.
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In Fig. 3, an antenna 31 is connected to a transmitter/
receiver 32. Signals received by the antenna 31 are sup-
plied to the transmitter/receiver 32, and signals transmit-
ted from the transmitter/receiver 32 are output from the
antenna 31.
[0018] The transmitter/receiver 32 demodulates the
supplied received signals, and supplies the resultant re-
ceived packets to a packet processor 33. In addition, the
transmitter/receiver 32 modulates packets being trans-
mitted such as RTS packets, CTS packets, and data
packets supplied from a packet generator 34, and trans-
mits the resultant signals from the antenna 31.
[0019] The packet processor 33 determines whether
the received packets supplied from the transmitter/re-
ceiver 32 are RTS packets, CTS packets, or data pack-
ets, and processes the packets accordingly. When the
received packets are RTS packets from the coordinator
10 or the other sensor device 12, the packet processor
issues instructions to the packet generator 34 to respond
to the RTS. Moreover, when the RTS packets are trans-
mitted from the other sensor device 12, the information
of the other sensor device is retained in a memory 35.
The information retained in the memory 35 is used for
generating RTS packets in the packet generator 34.
[0020] The packet generator 34 generates RTS pack-
ets, CTS packets, and data packets including sensor in-
formation such as temperature, humidity, velocity and
images, detected by a sensor 36 in data fields of the data
packets. And the packet generator 34 supplies the pack-
ets to the transmitter/receiver 32.

<Configuration of Sensor Device According to Second 
Embodiment>

[0021] Fig. 4 is a block diagram of the sensor device
11 according to a second embodiment of the present
invention. The sensor device 12 has the same configu-
ration. In this embodiment, the sensor device controls
the transmission power thereof.
[0022] In Fig. 4, an antenna 31 is connected to a trans-
mitter/receiver 32. Signals received by the antenna 31
are supplied to the transmitter/receiver 32, and signals
transmitted from the transmitter/receiver 32 are output
from the antenna 31.
[0023] The transmitter/receiver 32 demodulates the
supplied received signals, and supplies the resultant re-
ceived packets to a packet processor 33. In addition, the
transmitter/receiver 32 modulates packets being trans-
mitted such as RTS packets, CTS packets, and data
packets, supplied from a packet generator 34. The trans-
mitter/receiver 32 transmits the resultant signals from the
antenna 31. Moreover, the transmitter/receiver 32 sup-
plies a Received Signal Strength Indicator (RSSI) to a
transmission power controller 37.
[0024] The packet processor 33 determines whether
the received packets supplied from the transmitter/re-
ceiver 32 are RTS packets, CTS packets, or data pack-
ets, and processes the packets accordingly. When the

received packets are RTS packets from the coordinator
10 or the other sensor device 12, the packet processor
issues instructions to the packet generator 34 to respond
to the RTS. Moreover, when the RTS packets are trans-
mitted from the other sensor device 12, the information
of the other sensor device is retained in a memory 35.
The information retained in the memory 35 is used for
generating RTS packets in the packet generator 34.
[0025] The packet generator 34 generates RTS pack-
ets, CTS packets, and data packets including sensor in-
formation such as temperature, humidity, velocity and
images, detected by a sensor 36 in data fields of the data
packets. And the packet generator supplies the packets
to the transmitter/receiver 32.
[0026] The transmission power controller 37 controls
the transmission power of the transmitter/receiver 32
such that the transmission power is increased as the RS-
SI is reduced in accordance with the RSSI supplied from
the transmitter/receiver 32. The transmission power of
the transmitter/receiver 32 may be controlled based on
the SIR instead of the RSSI.

<Packet Format>

[0027] Figs. 5A to 5C illustrate formats of RTS packets,
CTS packets, and data packets, respectively. As illus-
trated in Fig. 5A, an RTS packet includes a frame control
field, a duration field, a receiver address field, a trans-
mitter address field, a field for RTSs from other terminals,
and a Frame Check Sequence (FCS) field. The frame
control field includes various control information includ-
ing the type of the packet such as RTS, CTS, or data.
The duration field includes a specific period of time during
which the wireless line is used.
[0028] The receiver address field includes an address
of a receiver serving as an RTS target. The transmitter
address field includes an address of a transmitter serving
as an RTS source. The FCS field includes an error cor-
recting code.
[0029] As illustrated in Fig. 5B, a CTS packet includes
a frame control field, a duration field, a receiver address
field, and a FCS field. The frame control field includes
various control information including the type of the pack-
et such as RTS, CTS, or data. The duration field includes
a specific period of time during which the wireless line is
used. The receiver address field includes an address of
a receiver serving as a CTS target. The FCS field includes
an error correcting code.
[0030] As illustrated in Fig. 5C, a data packet includes
a frame control field, a duration field, a receiver address
field, a transmitter address field, a sequence control field,
a data field, and an FCS field. The frame control field
includes various control information including the type of
the packet such as RTS, CTS, or data. The duration field
includes a specific period of time during which the wire-
less line is used. The receiver address field includes an
address of a receiver serving as a data target. The trans-
mitter address field includes an address of a transmitter

5 6 



EP 2 237 567 A2

5

5

10

15

20

25

30

35

40

45

50

55

serving as a data source. The sequence control field in-
cludes a sequence number and a fragment number of
the divided data. The data field includes sensor informa-
tion such as temperature, humidity, velocity, and images.
Moreover, the data field may include RTSs received from
other sensor devices directly set in the field. The FCS
field includes an error correcting code.

<Flow Chart of Process Performed by Coordinator>

[0031] Figs. 6 and 7 are flow charts illustrating proc-
esses performed by the coordinator 10 when the coordi-
nator 10 receives packets according to an embodiment
of the present invention.
[0032] In Step S11 illustrated in Fig. 6, the coordinator
10 receives packets from a sensor device (hereinafter,
the sensor device 11). The type of the packets and the
transmitter address are determined in Step S12, and it
is determined whether the received packets are data
packets or RTS packets in Step S13.
When the received packets are data packets, it is deter-
mined that wireless communication between the coordi-
nator 10 and the sensor device 11 has already been es-
tablished, that is, the coordinator 10 and the sensor de-
vice 11 have already been connected, and the process
proceeds to Step S14. When the received packets are
RTS packets, it is determined that the coordinator 10 and
the sensor device 11 are not connected, and the process
proceeds to Step S15.
[0033] In Step S14, it is determined whether or not the
data fields of the received data packets include RTSs of
other sensor devices (hereinafter, sensor device 12).
With this, it may be ascertained via the sensor device 11
that has already been connected to the coordinator 10
whether or not a transmission request has been made
by the other unconnected sensor device 12. When the
data packets do not include an RTS of the other sensor
device 12, the process proceeds to Step S18. On the
other hand, when the data packets include an RTS of the
other sensor device 12, the process proceeds to Step
S20.
[0034] In Step S15, the coordinator 10 retains the
transmitter address in the transmitter address fields of
the received RTS packets in the memory 27, and gener-
ates CTS packets for the received RTS packets and
transmits the generated CTS packets to the sensor de-
vice 11 specified in the transmitter address fields of the
RTS packets. With this, wireless communication be-
tween the coordinator 10 and the sensor device 11 is
established, and the coordinator 10 and the sensor 11
device are connected. Subsequently, the coordinator 10
receives data packets transmitted from the sensor device
11 serving as the target of the CTS packets in Step S16,
and generates acknowledgements (ACK packets) for the
data packets and transmits the ACK packets to the sen-
sor device 11 specified in the transmitter address fields
of the data packets in Step S17. Data is communicated
between the coordinator 10 and the sensor device 11 in

this manner.
[0035] On the other hand, in Step S18, the coordinator
10 retrieves sensor information from the data fields of
the received data packets, and performs regular proc-
esses such as transferring the sensor information to other
coordinators.
[0036] Alternatively, in Step S20, upon receiving the
notification of the transmission request of the other un-
connected sensor device 12 via the connected sensor
device 11, the coordinator 10 retrieves the RTS of the
other sensor device 12 from the data fields of the received
data packets, and retains the transmitter address in the
transmitter address field of the RTS in the memory 27.
The weight calculator 24 sets the array antenna 21 to be
non-directional at the timing specified in the RTS. With
this, the coordinator 10 may also receive packets from
the unconnected sensor device 12 in addition to the pack-
ets from the previously connected sensor device 11.
[0037] Herein, the array antenna 21 may be set to be
non-directional by setting the weights for the antenna el-
ements 211 to 21n to one in the weight controller 22. Al-
ternatively, in Step S20, beam scanning may be per-
formed by increasing the directivity in the receiving di-
rection and rotating the receiving direction by 360°.
[0038] Next, in Step S21, the coordinator 10 receives
the RTS packets from one or more sensor devices (here-
inafter, sensor devices 11 and 12), and the process pro-
ceeds to Step S22 illustrated in Fig. 7. The weight calcu-
lator 24 calculates weights for optimally receiving the sig-
nals transmitted from the one or more sensor devices 11
and 12 in Step S22, and supplies the weights for the
antenna elements 211 to 21n to the weight controller 22
in Step S23 so that the directivity, with which the signals
transmitted from the one or more sensor devices 11 and
12 may be optimally received, is applied to the antenna.
With such directivity, the coordinator 10 may directly wire-
lessly communicate with the sensor devices 11 and 12
with excellent communication performance and low pow-
er.
[0039] Subsequently, in Step S24, the coordinator 10
generates CTS packets for the received RTS packets,
and transmits the CTS packets to the sensor devices 11
and 12 specified in the transmitter address fields of the
RTS packets. Next, the coordinator 10 receives data
packets transmitted from the sensor devices 11 and 12
serving as the targets of the CTS packets in Step S25,
and generates ACK packets for the data packets and
transmits the ACK packets to the sensor devices 11 and
12 specified in the transmitter address fields of the data
packets in Step S26.
[0040] When the coordinator 10 receives RTS packets
from the plurality of sensor devices 11 and 12 in Step
S21, Steps S24 to S26 are repeated in accordance with
the number of the sensor devices 11 and 12 from which
the RTS packets are received.
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<Flow Chart of Process Performed by Sensor Device>

[0041] Figs. 8 and 9 are flow charts illustrating proc-
esses performed by the sensor device 11 or 12 when the
sensor device receives RTS packets according to an em-
bodiment of the present invention. Herein, the processes
are performed by the sensor device 11. The sensor de-
vice 11 has already transmitted an RTS to the coordinator
10, and has received a CTS from the coordinator 10, that
is, communication between the sensor device 11 and the
coordinator 10 has already been established.
[0042] In Step S31 illustrated in Fig. 8, the sensor de-
vice 11 receives RTS packets from other sensor devices
(hereinafter, sensor device 12). The sensor device 11
determines the receiver address in the RTS packets in
Step S32, and determines whether the receiver address
indicating the target of the received RTS packets corre-
sponds to the address of the coordinator 10 or that of the
sensor device 11 in Step S33.
[0043] When the target of the received RTS packets
is the sensor device 11, the sensor device 11 retains the
transmitter address in the transmitter address fields of
the received RTS packets in the memory 27, and gener-
ates CTS packets for the received RTS packets and
transmits the CTS packets to the sensor device 12 spec-
ified in the transmitter address fields of the RTS packets
in Step S34. With this, wireless communication between
the sensor device 11 and the sensor device 12 is estab-
lished, and the sensor device 11 and the sensor device
12 are connected. Subsequently, the sensor device 11
receives data packets transmitted from the sensor device
12 serving as the target of the CTS packets in Step S35,
and generates ACK packets for the data packets and
transmits the ACK packets to the sensor device 12 spec-
ified in the transmitter address fields of the data packets
in Step S36. Data is communicated between the sensor
device 11 and the sensor device 12 in this manner.
[0044] On the other hand, when the target of the re-
ceived RTS packets is the coordinator 10 in Step S33,
the process proceeds to Step S40. In Step S40, the sen-
sor device 11 retains the transmitter address in the trans-
mitter address fields of the received RTS packets in the
memory 27. The packet generator 34 of the sensor device
11 generates data packets being transmitted from the
sensor device 11 to the coordinator 10, and sets the RTS
received from the other sensor device 12 in Step S31 in
the data fields of the data packets. Next, the sensor de-
vice transmits the data packets to the coordinator 10 in
Step S41, and the process proceeds to Step S42 illus-
trated in Fig. 9. With this, the coordinator 10 is notified
of the transmission request from the other unconnected
sensor device 12 via the previously connected sensor
device 11.
[0045] The sensor device 11 transmits the RTS pack-
ets to the coordinator 10 in accordance with the trans-
mission timing of the RTS packets in Step S42, and re-
ceives CTS packets transmitted from the coordinator 10
in Step S43. With this, wireless communication between

the coordinator 10 and the sensor device 11 is estab-
lished, and the coordinator 10 and the sensor device 11
are connected. At this time, when the wireless commu-
nication between the coordinator 10 and the other sensor
device 12 has also been established, directivity with
which the signals transmitted from the sensor devices 11
and 12 are optimally received has already been applied
to the array antenna 21 of the coordinator 10.
[0046] In Step S44, the transmitter/receiver 32 calcu-
lates the RSSI of the received CTS packets, and supplies
the CTS packets to the transmission power controller 37.
In Step S45, the transmission power controller 37 con-
trols the transmission power of the transmitter/receiver
32 in accordance with the RSSI. With this, the required
transmission power is appropriately set in accordance
with the communication state, resulting in a reduction in
power consumption. When the sensor device 11 does
not include the transmission power controller 37 as illus-
trated in Fig. 3, Steps S44 and S45 are not performed.
[0047] Next, the sensor device 11 transmits the data
packets to the coordinator 10 in Step S46, and receives
ACK packets for the data packets from the coordinator
10 in Step S47.
[0048] Subsequently, when the sensor device 11 re-
ceives data packets from the other sensor device 12 and
the transmitter address of the received data packets is
retained in the memory 27 of the sensor device 11, the
sensor device 11 sets the data packets received from
the other sensor device in the data fields of the data pack-
ets generated by the sensor device 11, and transmits the
data packets to the coordinator 10.

<Sequence>

[0049] Herein, the coordinator 10 and the sensor de-
vice 11 illustrated in Fig. 1 are wirelessly connected by
establishing communication via exchange of RTS pack-
ets and CTS packets. At this moment, even when a new
sensor device 12 appears and tries to establish commu-
nication with the coordinator 10, RTS packets transmitted
from the sensor device 12 are not received by the coor-
dinator 10 since the directivity of the array antenna 21 of
the coordinator 10 is weighted so as to face the sensor
device 11.
[0050] When the sensor device 12 is close to the sen-
sor device 11, the RTS packets transmitted from the sen-
sor device 12 are received by the sensor device 11 since
the antennas of the sensor devices 11 and 12 are non-
directional.
[0051] Figs. 10 to 12 illustrate a sequence of commu-
nication among the sensor devices 11 and 12 and the
coordinator 10.
[0052] In Fig. 10, the sensor device 12 transmits RTS
packets (RTS-12-to-10) for the coordinator 10 at a time
t1, and the RTS-12-to-10 packets are received by the
sensor device 11.
[0053] The sensor device 11 generates data packets
including the RTS-12-to-10 packets, and transmits the
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data packets to the coordinator 10 at a time t2.
[0054] The coordinator 10 receives the data packets,
retrieves the RTS-12-to-10 packets from the data fields
of the data packets, and retains the transmitter address
in the transmitter address fields of the RTS-12-to-10
packets in the memory 27.
[0055] Next, the sensor device 12 transmits the RTS-
12-to-10 packets for the coordinator 10 at a time t3 illus-
trated in Fig. 11. Moreover, the sensor device 11 trans-
mits RTS packets (RTS-11-to-10 packets) for the coor-
dinator 10 at a time t4.
[0056] At this time, the coordinator 10 receives the
RTS-12-to-10 packets and the RTS-11-to-10 packets by
setting the array antenna 21 to be non-directional (or by
beam scanning) as illustrated in Fig. 13.
[0057] When the RTS packets from the sensor devices
11 and 12 are received by the coordinator 10, the coor-
dinator 10 calculates weights for optimally receiving the
RTS packets from the sensor devices 11 and 12. Sub-
sequently, the obtained weights are supplied to the
weight controller 22 so that the directivity of the array
antenna 21 is set to face the plurality of sensor devices
11 and 12 as illustrated in Fig. 14.
[0058] Next, the coordinator 10 generates CTS pack-
ets (CTS-10-to-11 packets) for the RTS-11-to-10 packets
from the sensor device 11, and transmits the CTS pack-
ets to the sensor device 11 at a time t5. The sensor device
11 that has received the CTS-10-to-11 packets gener-
ates data packets (DATA-11-to-10 packets), and trans-
mits the data packets to the coordinator 10 at a time t6.
The coordinator 10 that has received the DATA-11-to-10
packets transmits acknowledgements (ACK packets) to
the sensor device 11 at a time t7.
[0059] Similarly, the coordinator 10 generates CTS
packets (CTS-10-to-12 packets) for the RTS-12-to-10
packets from the sensor device 12, and transmits the
CTS packets to the sensor device 12 at a time t8. The
sensor device 12 that has received the CTS-10-to-12
packets generates data packets (DATA-12-to-10 pack-
ets), and transmits the data packets to the coordinator
10 at a time t9. The coordinator 10 that has received the
DATA-12-to-10 packets transmits ACK packets to the
sensor device 12 at a time t10.
[0060] When the coordinator 10 receives packets by
setting the array antenna 21 to be non-directional (or by
beam scanning), the RTS-12-to-10 packets from the sen-
sor device 12 may not be received in some cases. In this
case, the data packets of the sensor device 12 are trans-
mitted from the sensor device 12 to the coordinator 10
by being set in the data fields of the data packets gener-
ated by the sensor device 11.
[0061] When the data packets of the sensor device 12
are transmitted from the sensor device 12 to the coordi-
nator 10 by being set in the data fields of the data packets
generated by the sensor device 11, the power consump-
tion of the sensor device 11 is increased (for example,
approximately doubled) since the sensor device 11 per-
forms both transmission and reception.

[0062] According to the above-described embodi-
ments, however, the sensor device 12 may be wirelessly
connected to the coordinator 10 separately from the sen-
sor device 11 as illustrated in Figs. 10 to 12 in many
cases. Therefore, the sensor device 11 does not need
to relay the data packets of the sensor device 12 to the
coordinator 10, and the power consumption of the sensor
device 11 may be reduced.
[0063] Moreover, according to the above-described
embodiments, the sensor device 11 may be set to a sleep
mode as appropriate without any consideration of the
data packets from the sensor device 12 since the sensor
device 11 does not need to relay the data packets of the
sensor device 12 to the coordinator 10 in many cases.
This also leads to a reduction in the power consumption.
[0064] According to the above-described embodi-
ments, an unconnected sensor device may be wirelessly
connected to an information gathering apparatus that is
wirelessly connected to a sensor device via an adaptive
array antenna.
[0065] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such spe-
cifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a illustrating of the superiority and inferiority of the in-
vention. Although the embodiment(s) of the present in-
ventions have been described in detail, it should be un-
derstood that the various changes, substitutions, and al-
terations could be made hereto without departing from
the spirit and scope of the invention.
[0066] In regard to the embodiments described above,
the following additional descriptions are disclosed.

(Additional Note 1)

[0067] A wireless sensor network system including:

a plurality of sensor devices each having a non-di-
rectional antenna; and
an information gathering apparatus having an adap-
tive array antenna and gathering information detect-
ed by the plurality of sensor devices, wherein
the wireless sensor network system wirelessly con-
nects the plurality of sensor devices to the informa-
tion gathering apparatus,
each sensor device includes a transmitter to transmit
a transmission request for connecting to the infor-
mation gathering apparatus, and
the information gathering apparatus includes,
a first directivity-changing section that, when the in-
formation gathering apparatus receives a transmis-
sion request from an unconnected sensor device,
performs at least one of setting the adaptive array
antenna to be non-directional and changing a direc-
tivity of the adaptive array antenna, and that receives
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a signal transmitted from at least one of the uncon-
nected sensor device and the unconnected sensor
device and a connected sensor device; and
a second directivity-changing section to change the
directivity of the adaptive array antenna in accord-
ance with a reception state of the signal transmitted
from the at least one of the unconnected sensor de-
vice and the unconnected sensor device and the
connected sensor device.

(Additional Note 2)

[0068] The wireless sensor network system according
to additional note 1, wherein
the each sensor device includes an incorporating section
to incorporate a transmission request from another sen-
sor device into a signal being transmitted from the each
sensor device upon receiving the transmission request
from the another sensor device, and to transmit the signal
to the information gathering apparatus, and
the information gathering apparatus includes a retrieving
section to retrieve a new transmission request from the
unconnected sensor device included in the signal trans-
mitted from the connected sensor device.

(Additional Note 3)

[0069] The wireless sensor network system according
to additional note 1 or additional note 2, wherein
the each sensor device includes a controller to control
transmission power of the each sensor device in accord-
ance with information indicating a reception state of a
signal transmitted by the information gathering appara-
tus.

(Additional Note 4)

[0070] The wireless sensor network system according
to any one of additional notes 1 to 3, wherein
the information gathering apparatus includes a retaining
section to retain address information indicating address-
es of the at least one of the unconnected sensor device
and the unconnected sensor device and the connected
sensor device, whose transmission request has been re-
ceived by the information gathering apparatus.

(Additional Note 5)

[0071] The wireless sensor network system according
to any one of additional notes 1 to 4, wherein
the each sensor device includes a retaining section to
retain address information indicating an address of the
another sensor device whose transmission request has
been received by the each sensor device.

(Additional Note 6)

[0072] A wireless sensor network information gather-

ing apparatus that is wirelessly connected via an adaptive
array antenna to a plurality of sensor devices each having
a non-directional antenna , and that gathers information
detected by the plurality of sensor devices, the apparatus
including:

a first directivity-changing section that, when the in-
formation gathering apparatus receives a transmis-
sion request from an unconnected sensor device,
performs at least one of setting the adaptive array
antenna to be non-directional and changing a direc-
tivity of the adaptive array antenna, and that receives
a signal transmitted from at least one of the uncon-
nected sensor device and the unconnected sensor
device and a connected sensor device; and
a second directivity-changing section to change the
directivity of the adaptive array antenna in accord-
ance with a reception state of the signals transmitted
from the at least one of the unconnected sensor de-
vice and the unconnected sensor device and the
connected sensor device.

(Additional Note 7)

[0073] The information gathering apparatus according
to additional note 6, further including:

a retrieving section to retrieve a new transmission
request from the unconnected sensor device includ-
ed in the signals transmitted from the connected sen-
sor device.

(Additional Note 8)

[0074] The information gathering apparatus according
to additional note 6 or additional note 7, further including:

a retaining section to retain address information in-
dicating addresses of the at least one of the uncon-
nected sensor device and the unconnected sensor
device and the connected sensor device, whose
transmission request has been received by the in-
formation gathering apparatus.

(Additional Note 9)

[0075] A wireless sensor network sensor device that
is wirelessly connected to an information gathering ap-
paratus having an adaptive array antenna, and that trans-
mits detected information to the information gathering
apparatus, the device including:

a transmitter that transmits a transmission request
for connecting to the information gathering appara-
tus, and
an incorporating section to incorporate a transmis-
sion request from another sensor device into a signal
being transmitted from the sensor device upon re-
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ceiving the transmission request from the another
sensor device, and to transmit the signal to the in-
formation gathering apparatus.

(Additional Note 10)

[0076] The sensor device according to additional note
9, further including:

a controller to control transmission power of the sen-
sor device in accordance with information indicating
the reception state of the signal transmitted from the
information gathering apparatus.

(Additional Note 11)

[0077] The sensor device according to additional note
9 or additional note 10, further including:

a retaining section to retain address information in-
dicating an address of the another sensor device
whose transmission request has been received by
the sensor device.

(Additional Note 12)

[0078] A connection method for use in a wireless sen-
sor network, the method including:

wirelessly connecting a plurality of sensor devices
each having a non-directional antenna to an infor-
mation gathering apparatus having an adaptive ar-
ray antenna;
gathering information detected by the plurality of
sensor devices in the information gathering appara-
tus;
performing one of changing the adaptive array an-
tenna to be non-directional and changing a directivity
of the adaptive array antenna, when the information
gathering apparatus receives a transmission request
from an unconnected sensor device, and receiving
a signal transmitted from at least one of the uncon-
nected sensor device and the unconnected sensor
device and a connected sensor device, by the infor-
mation gathering apparatus; and
changing the directivity of the adaptive array antenna
in accordance with the reception state of the signal
transmitted from the at least one of the unconnected
sensor device and the unconnected sensor device
and the connected sensor device.

(Additional Note 13)

[0079] The connection method for use in the wireless
sensor network according to additional note 12, the meth-
od further including:

notifying the information gathering apparatus of the

transmission request of the unconnected sensor de-
vice via a connected sensor device.

(Additional Note 14)

[0080] The connection method for use in the wireless
sensor network according to additional note 12 or addi-
tional note 13, the method further including:

controlling transmission power of the sensor devices
in accordance with information indicating a reception
state of the signal transmitted from the information
gathering apparatus.

(Additional Note 15)

[0081] The connection method for use in the wireless
sensor network according to any one of additional notes
12 to 14, the method further including:

retaining address information in the information
gathering apparatus, the address information indi-
cating addresses of the at least one of the uncon-
nected sensor device and the unconnected sensor
device and the connected sensor device, whose
transmission request has been received by the in-
formation gathering apparatus.

(Additional Note 16)

[0082] The connection method for use in the wireless
sensor network according to any one of additional notes
12 to 15, the method further including:

retaining address information in each of the sensor
devices, the address information indicating an ad-
dress of another sensor device whose transmission
request has been received by the sensor device.

Claims

1. A wireless sensor network system comprising:

a plurality of sensor devices each having a non-
directional antenna; and
an information gathering apparatus having an
adaptive array antenna and gathering informa-
tion detected by the plurality of sensor devices,
wherein
the wireless sensor network system wirelessly
connects the plurality of sensor devices to the
information gathering apparatus,
each sensor device includes a transmitter to
transmit a transmission request for connecting
to the information gathering apparatus, and
the information gathering apparatus includes,
a first directivity-changing section that, when the
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information gathering apparatus receives a
transmission request from an unconnected sen-
sor device, performs at least one of setting the
adaptive array antenna to be non-directional
and changing a directivity of the adaptive array
antenna, and that receives a signal transmitted
from at least one of the unconnected sensor de-
vice and the unconnected sensor device and a
connected sensor device; and
a second directivity-changing section to change
the directivity of the adaptive array antenna in
accordance with a reception state of the signal
transmitted from the at least one of the uncon-
nected sensor device and the unconnected sen-
sor device and the connected sensor device.

2. The wireless sensor network system according to
claim 1, wherein
the each sensor device includes an incorporating
section to incorporate a transmission request from
another sensor device into a signal being transmitted
from the each sensor device upon receiving the
transmission request from the another sensor de-
vice, and to transmit the signal to the information
gathering apparatus, and
the information gathering apparatus includes a re-
trieving section to retrieve a new transmission re-
quest from the unconnected sensor device included
in the signal transmitted from the connected sensor
device.

3. The wireless sensor network system according to
claim 1 or claim 2, wherein
the each sensor device includes a controller to con-
trol transmission power of the each sensor device in
accordance with information indicating a reception
state of a signal transmitted by the information gath-
ering apparatus.

4. The wireless sensor network system according to
any one of claims 1 to 3, wherein
the information gathering apparatus includes a re-
taining section to retain address information indicat-
ing addresses of the at least one of the unconnected
sensor device and the unconnected sensor device
and the connected sensor device, whose transmis-
sion request has been received by the information
gathering apparatus.

5. The wireless sensor network system according to
any one of claims 1 to 4, wherein
the each sensor device includes a retaining section
to retain address information indicating an address
of the another sensor device whose transmission re-
quest has been received by the each sensor device.

6. A wireless sensor network information gathering ap-
paratus applied to the wireless sensor network sys-

tem according to any one of claims 1 to 5.

7. A wireless sensor network sensor device applied to
the wireless sensor network system according to any
one of claims 1 to 5.

8. A connection method for use in a wireless sensor
network, the method comprising:

wirelessly connecting a plurality of sensor de-
vices each having a non-directional antenna to
an information gathering apparatus having an
adaptive array antenna;
gathering information detected by the plurality
of sensor devices in the information gathering
apparatus;
performing one of changing the adaptive array
antenna to be non-directional and changing a
directivity of the adaptive array antenna, when
the information gathering apparatus receives a
transmission request from an unconnected sen-
sor device, and receiving a signal transmitted
from at least one of the unconnected sensor de-
vice and the unconnected sensor device and a
connected sensor device, by the information
gathering apparatus; and
changing the directivity of the adaptive array an-
tenna in accordance with the reception state of
the signal transmitted from the at least one of
the unconnected sensor device and the uncon-
nected sensor device and the connected sensor
device.

9. The connection method for use in the wireless sen-
sor network according to claim 8, the method further
comprising:

notifying the information gathering apparatus of
the transmission request of the unconnected
sensor device via a connected sensor device.

10. The connection method for use in the wireless sen-
sor network according to claim 8 or claim 9, the meth-
od further comprising:

controlling transmission power of the sensor de-
vices in accordance with information indicating
a reception state of the signal transmitted from
the information gathering apparatus.

11. The connection method for use in the wireless sen-
sor network according to any one of claims 8 to 10,
the method further comprising:

retaining address information in the information
gathering apparatus, the address information in-
dicating addresses of the at least one of the un-
connected sensor device and the unconnected
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sensor device and the connected sensor device,
whose transmission request has been received
by the information gathering apparatus.

12. The connection method for use in the wireless sen-
sor network according to any one of claims 8 to 11,
the method further comprising:

retaining address information in each of the sen-
sor devices, the address information indicating
an address of another sensor device whose
transmission request has been received by the
sensor device.
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